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(54) Low VOC emulsion 

(57) Process for reducing the content of residual 
monomers, expressed as total VOC lower than 600 ppm 
and deriving from the monomers utilized to obtain the 
emulsion lower than 100 ppm; having an amount of wet 
coagula lower or equal to 500 ppm after wet filtering on 
125 micron filter of the emulsion at the outlet after the 
various dropping phases, in polymrizations and copoly- 
merizations in dispersion or emulsion in aqueous phase 
based on acrylic monomers, characterized in that it 
comprises as redox couple the utilization of a reducing 
agent selected from ascorbic acid or an aldehyde hav- 
ing a number of carbon atoms equal to or higher than 4 
and containing at least a salifiable hydrogen, organic or 
inorganic, or its salts and the inorganic salifiable hydro- 
gen being added to a carboxylic group; the aldehyde 
reducing agent or its salts being soluble in water for at 
least 5% by weight, preferably 10% by weight; and from 
an oxidizing agent consisting of an organic hydroperox- 
ide in aqueous solution, excluding those soluble in H 2 0 
for more than 10% by weight, or its salts. 
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Description 

The present invention relates to aqueous dispersions based on acrylic polymers and copolymers. More particularly 
It refers to aqueous emulsions having a low content of volatile organic compounds and of residual monomers and hav- 

s ing low amounts of coagula. 

By VOC according to the present invention it is meant the sum of the residual monomers, and besides the volatile 
organic compounds which are determined by the chromatrographic gas method, as defined hereunder; more precisely 
the total VOC according to the present invention must be lower than 600 ppm and in particular the monomers, which 
are substances toxicologically harmful, lower than 100 ppm. 

w The determination of the content in VOC and in residual monomers is carried out by gaschromatographic analysis. 
The identification of the residual monomers is carried out by comparison with the starting monomers or by using asso- 
ciated techniques e.g. GC-IR or GC-Mass type. 

Wet coagula according to the present invention must be lower or equal to 500 ppm after filtering on 125 urn filter the 
final emulsion at the outlet after the various treatment phases, as specified hereunder. 
is From an industrial point of view the presence of a high content in coagula implies high filtering times especially for 
high dry and high viscosity emulsions. The filtering process under these conditions is the critical step and leads to high 
productivity losses. 

By acrylic polymers and copolymers according to the preent invention are meant homopolymers and copolymers 
of the (meth)acrylic acid and/or its alkylic esters wherein the alkylic group contains from 1 to 20 carbon atoms. Exam- 
20 pies of esters of the acrylic or methacrylic acid are: methylacrylate, ethylacrylate, isopropylacrylate, butyt(meth)acr- 
ylate, lauryl- decyl- undecyl- propyl- stearyl-(meth)acrylate, methylmethacrylate, isopropylmethacrylate. sec- 
butylmethacrylate, ter-butylmethacrylate, 2-ethylhexylacrylate, hydroxyalkyl(meth)acrylate with the alkyl from 2 to 5 car- 
bon atoms, etc. 

The acrylic copolymers according to the present invention can moreover contain up to 70% by weight, preferably 
25 up to 60% by weight of units derived from other monomer containing double bonds such as styrene, alpha-methylsty- 
rene, vinylacetate, vinylpropionate and the vinylic esters of the versatic acid, acrylonitrile, (meth)acrylamide, n-alkyl or 
aryl maleimides. etc., or from monomers having double or triple unsaturation such as, for instance, butadiene, ethyl- 
eneglycoldi(meth)acrylate, propylenglycoldi(meth)acrylate, trimethylolpropantriacrylate, etc. 

The dispersions (emulsions) of acrylic (co)polymers according to the present invention are obtained by polymeri- 
30 zation processes in emulsion in aqueous phase. The polymerization in emulsion is usually carried out in the semi-con- 
tinuous polymerization technique and comprises the following steps: starting step of the polymerization reaction, 
feeding step of the monomeric phase, pure or preemulsified in water, exhaustion step to reduce the residual monomers. 

The starting step comprises the introduction into the reactor, equipped with stirrer and refrigerant, of a part of the 
charge, formed by monomers, which will form the acrylic polymer or copolymer, optionally preemulsified, water, sur- 
as factants, for instance alkyl sulphonates, sulphates, etc., and/or protective colloids, for instance polyvinyls alcohols, 
hydroxyalkylcellulose, etc. 

The preemulsion is obtained in a preemulsifier by treating under stirring the water, the surfactants and the mono- 
mers. 

The weight ratio water/monomers generally ranges between 0.3-2. 
40 The reactor is heated at the desired temperature, generally comprised from 20°C to 90°C and it is added the polym- 
erization initiator, generally a persulphoric acid salt, for instance ammonium persulphate and when the internal temper- 
ature increases up to the maximum peak, generally of the order of 1°C-20°C, the remaining part of the preemulsion 
(feeding step) or of the monomeric not preemulsified mixture is fed and the initiator is continued to be fed. 

When the feeding is over, after about some hours, 2-10 hours of feeding at the desired temperature, a thermal stay 
45 having the duration of about 15-60 minuts is preferably carried out; then the redox treatment is carried out at the tem- 
perature indicated above or at a different temperature, preferably between about 40° and 80°C. 

The most known redox couples in the art industrially utilized are formed by organic peroxidic initiators, of 
hydroperoxide type, and mixed organic/inorganic reducing agents e.g. sodium formaldehyde sulphoxilate. The reac- 
tion completion carried out with these redox couples has the function to reduce the residual monomers. Among the 
so redox couples, sodium formaldehyde sulphoxilate and ter-butyl-hydroperoxide are the most commonly used in industry. 

This kind of couple is especially effective in particular for bringing down monomers having poor solubility in water. 

According to the present invention by poor solubility in water it is meant a solubility of the monomer in water gen- 
erally lower than 0.5% by weight. 

These treatments allow to reduce the content of residual monomers under 100 ppm but they have the drawback to 
55 give VOC values of the order of thousands of ppm, generally 1000-2000 ppm. 

The industrial processes, nowadays required, must give the lowest VOC value in order to avoid toxicologic conse- 
quences during the application or post application step of dispersions or emulsions. Nowadays industrial processes 
which do not cause damages from the ecological point of view, are generally requested. It can be mentioned for 
instance the application in the textile, adhesives, paints and varnishes field, etc. wherein emulsions are submitted to a 
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drying step having the purpose of removing the aqueous dispersing phase and allow the formation of a polymer f 0m. 

There was therefore the need to find systems allowing to reduce the content of the total VOC in emulsions based 
on acrylic (co)polymers and contemporaneously to reduce the residual monomers content to values lower than 100 
ppm. 

It is also known in the art to carry out, before or alternatively to the redox treatment with organic couples as 
described above, a preliminary treatment with inorganic persulphates or inorganic redox couples, for instance persul- 
phate/methabissulphite or hydrosuiphite. This preliminary treatment has the purpose to considerably reduce the 
amount of monomers, and in particular it is carried out when the mixture of the monomers utilized to obtain the emulsion 
has good solubility in water. The treatment with compounds or redox couples of inorganic type can however result not 
so effective for the reduction of the monomers scarcely soluble in water, for instance styrene, butyl acrylate, etc. 

The drawback of these systems generally consists in that also for short times treatments of 3 hours, the concentra- 
tion of electrolytes in the emulsion increases with the risk of coagula formation, especially in case of not much protected 
systems, that is in systems wherein the amount of surfactants and/or protective colloids is low. 

The coagula are generally higher than 500 ppm, determined as indicated above, and are of the order of 700-1000 
ppm. 

In this way some application characteristics of the product can be negatively influenced. Moreover it has been 
experimentally proved by the Applicant that these systems increase the acid group concentration on the polymer parti- 
cles, sometimes causing drop in pH which can start undesired crosslinking reactions. From an industrial point of view, 
therefore, this treatment must be used with great caution and for short times. 

Also stripping methods for removing the residual monomers and for reducing the total VOC are known in the art. 
The drawback of this method consists in that it can prejudice the stability of dispersions not much protected, as defined 
above. This is valid in particular for emulsions of polymers having high temperature glass transition (Tg), for instance 
higher than 10°C. The drawback of these processes is that the emulsion destabilization can cause the formation of 
coagula and crusts in the reactor. 

The. Applicant has unexpectedly and surprisingly found that it is possible to reduce the amount of the total VOC, 
due to the residual monomers, and to the volatile organic compounds having a boiling temperature lower than 160°C, 
to values lower than 600 ppm and contemporaneously to reduce the amount of the residual monomers to values lower 
than 100 ppm and without the formation of coagula in amounts lower than or equal to 500 ppm with the process 
described hereinunder. 

Object of the present invention is a process to reduce the content of residual monomers, expressed as total VOC 
lower than 600 ppm and deriving from the monomers utilized to obtain the emulsion lower than 100 ppm; having an 
amount of wet coagula lower or equal to 500 ppm after wet filtering on 1 25 micron filter of the emulsion at the outlet after 
the various dropping phases, in polymerizations and copolymerizations in dispersion or emulsion in aqueous phase 
based on acrylic monomers, in particular homopolymers and copolymers of the (meth)acrylic acid and/or of its alkylic 
esters wherein the alkylic group contains from 1 to 20 carbon atoms, the content of unsaturated monomers different 
from the acrylic ones being capable to be up to 70% by weight, preferably up to 60% by weight, characterized in that it 
comprises as redox couple the utilization of a reducing agent selected from ascorbic acid or an aldehyde having a 
number of carbon atoms equal to or higher than 4 and containing at least a salifiable hydrogen, organic or inorganic, or 
its salts and the inorganic salifiable hydrogen being added to a carboxylic group; the aldehyde reducing agent or its salts 
being soluble in water for at least 5% by weight, preferably 10% by weight; and from an oxidizing agent consisting of an 
organic hydroperoxide in aqueous solution, excluding those soluble in H 2 0 for more than 10% by weight, preferably for 
more than 5% by weight, or its salts. 

The oxidizing and the reducing agents could be utilized also when they have a solubility in water lower than 5% by 
weight, for instance 2-3%. However this industrially has poor meaning as too high amounts of water are requested and 
therefore they could not be for instance utilized in the preparations of high dry dispersions. 

Preferably according to the present invention hydroperoxides salts are utilized. 

The aldehydes of the invention or the precursors of the reducing agent of the invention are illustrated by the follow- 
ing structure formulas which represent the inventive concept of the present invention. 



Glutaraldehyde C 5 H 8 0 2 



10 

with n from 2 to 12, preferably from 3 6o 6; 
Ascorbic acid C 6 H 8 0 6 

15 
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H C OH 



25 




30 



which when hydrolyzes forms an acid group. 

The preferred compounds of the aldehyde reducing agent are those obtained by addition with inorganic reducing 
35 agents, preferably bisulphite. The reducing agents generally have a number of carbon atoms such that the reducing 
agent is soluble in water, preferably up to 20 C atoms, the chain being linear or branched, of aliphatic type; aromatic- 
aliphatic-aromatic and/or aromatic-aliphatic optionally containing heteroatoms in the ring, such as oxygen and nitrogen, 
or in the aliphatic, cycloaliphatic chain; 

The reducing agent of the redox couple must respect the conditions indicated above to be included in the reducing 
40 agents of the present invention. For instance glutaraldehyde having no salifiable hydrogens does not give the results of 
the present invention, however when it contains acid hydrogen, such as HS0 3 , then it gives a reducing agent which falls 
within the definition of the invention. 

Among hydroperoxides it can be mentioned: 
di-isopropylbenzenedihydroproxide or its salts, generally alkaline or alkaline-earth, preferably of sodium: 

45 
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The peroxidic group can be in melha or para position, generally metha-para mixtures are available. 
25 diisopropylbenzenemonohydroperoxide (comparative) or its salts, generally alkaline or alkaline-earth, preferably of 
sodium: 



CH 



30 



35 



H C - C 



CH — CH 



OH 



40 The peroxidic group can be in metha or para position, generally metha-para mixtures are available. 

2,5 dimethyl-2,5 di(hydroproxide)hexane, commercially known as LUPERCO 2,5-2,5 (comparative) or its salts, gener- 
ally alkaline or alkaline-earth, preferably of sodium: 
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cumene hydroproxide C 9 H 12 0 (comparative) or its salts, generally alkaline or alkaline-earth, preferably of sodium: 
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pinane hydroperoxide or Its salts, generally alkaline or alkaline-earth, preferably of sodium: 



20 



25 



CH — CH 

/ 2 / 

CH — C — CH 



\ 2 




mentane hydroperoxide or its salts, generally alkaline or alkaline-earth, preferably of sodium: 

30 



35 




OOH 



40 

The peroxidic group can also be in 1 or 4 position; they are generally mixtures of the three isomers. 
2-(4-methylphenyl)propyl-2 hydroproxide or its salts, generally alkaline or alkaline-earth, preferably of sodium: 




Also the oxidizing agents must respect the conditions indicated above to fall within the definition of the invention. 
55 The VOC derived from the residual monomers by the process according to the present invention are lower than 1 00 
ppm, preferably lower than 50, even more preferably lower than 20. 

In the redox couple B), the ratio by moles between the oxidizing and the reducing agent is generally comprised from 
0.25 to 4, preferably from 1 to 1 .5. These are indicative values since it has been found by the Applicant that this ratio 
can range depending on the couples. The skilled man can easily determine the optimal ratios to obtain the desired 
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voc. 

The amount of oxidizing agent expressed as % in equivalents on the monomers is comprised between 0.05 and 
0.5, preferably between 0.1 and 0.3; the amount of reducing agent expressed as % in equivalents on the monomers is 
comprised between 0.025 and 0.4, preferably 0.05 and 0.2. 
- 5 An alternative method according to the present invention is to directly use in the starting and/or feeding step the 

redox couple object of the present invention. In this case the subsequent treatment B) is not necessary. Besides, the 
polymerization initiator, for instance ammonium persulphate as described above, can be replaced all or partly by the 
redox couple of the invention. 

The following examples are given for illustrative purposes but they are not limitative of the present invention. 

70 

EXAMPLE 1 

Preparation of the preemulsion 

is In a 10 1 preemulsrf ier equipped with stirrer, water, surfactants and acrylic acid are added, in the amounts of TAB. 1 . 
After solubilization (200 rpm of the stirrer), the remaining monomers are added under stirring thus obtaining the 
preemulsion. 

Preferably, for the whole period of the feeding, the preemulsion is kept under stirring. 

20 Preparation of the emulsion 

An aqueous dispersion of a copolymer styrene/butyl acrylate carboxylated is prepared by utilizing the following 
monomeric composition (% by weight): 



styrene 


53% 


butyl acrylate 


45% 


acrylic acid 


2%.. 



The weight ratios styrene/butyl acrylate =1.18, styrene/acrylic acid = 0.038. 

In a 10 I reactor, equipped with stirrer, falling refrigerant, thermometer and inlet for nitrogen, the basic charge is 
35 introduced (Tab. 1) formed by water and surfactants (sodium laurylsulphate and nonylphenol ethoxylate mixture). The 
internal temperature of the reactor is brought, by thermostatic bath, to 78-79°C and the part of preemulsion indicated 
in Tab. 1 is added (reaction starting). 

The part of the potassium persulphate initiator solution is introduced (Tab. 1 , reaction starting), and the polymeri- 
zation starting is awaited. When the internal temperature reaches 83-84°C, maximum peak, one starts to feed at a con- 
40 stant flow-rate (Tab. 1 feeding) the remaining part of the preemulsion and the remaining solution of initiator at a constant 
flow-rate (Tab. 1 feeding). 

During the feeding phase the temperature inside the reactor is kept constant by means of a thermostatic bath. The 
duration of the feeding phase is 3 hours. 

A first phase of monomeric reduction (A) with potassium persulphate (solution 4%) for a feeding time of 45' is car- 
45 ried out, by maintaining the constant feeding flow-rate of 2.48 g/min, and then 1 5' of thermal stay. Then the redox reduc- 
tion phase (B) is carried out, formed by: 

oxidizing agent: diisopropylbenzenedihydroperoxide sodium salt (DIP-BDHP Na 2 )10% weight solution, constant flow- 
rate of 1.88 g/min for 60 min; reducing agent: glutaraldehyde hydrogen sodium sulphite GLUT(HS0 3 Na) 2 (indicated 
with GLUTHS0 3 Na in Tab. 2) 8% solution in water, the constant flow-rate of 1 .6 g/min for 75 min.; the equivalents ratio 
so oxidizing/reducing agent =* 1 .35. 

The redox reduction phase lasts for the set period (Tab. 1) and is followed by a phase of thermal completion C) for 
the time and the temperature indicated in Tab. 1 . In this phase a 35% by weight solution of hydrogen peroxide is intro- 
duced (Tab. 1). 

Then the emulsion is cooled and the following characterization is carried out: 

55 
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dry residue (1h, 105°C) 


50% by weight 


pH 


4.4 


Wet coagulum {\i 125 filter) 


450 ppm 


residual monomers 


80ppm 


VOC 


500 ppm. 



The polymer is formed by (% by weight): styrene 53, butyl acrylate 45, acrylic acid 2. 

In Table 2 are reported in short the reduction phases with persulphate A) if present, and the residual monomers 
15 after this phase, the reduction with the redox couple B) and the thermal completion C), the total time of these combined 
phases and the results of the total VOC and the residual monomers. 

The total VOC was determined by summing the concentration values of the residual monomers and of the products 
with boiling temperature lower than 1 60°C, both determined by gas chromatography. The quantification was carrried out 
using the internal standard method (isobutylic alcohol) and the identification of the various peaks was carried out by 
20 comparing the retention times of each peak with those of known substances. 

The chromatograph used is a FRACTOVAP 4200 with F.I.D. detector (flame ionisation detector) and by using as 
carrier a nitrogen 20 ml/min and packed inox columns (ID. 1/8' and length 6 feet) with 0.1% SP1000 on Carbopack-C 
80-100 mesh. 

The chromatographic utilizes the following method: 

25 



35 



Injector 


160°C 




Detector 


200°C 




Ti 


80°C 


10 min 


«1 


20°C/min 


2.5 min 


T 2 


130°C 


1 min 


R 2 


4°C/min 


5 min 


T 3 


150°C 


20 min 


R 3 


20°C/min 


1 min 




170°C 


10 min 






49.5" min" 



The wet coagulum was determined on 125 micron filter. 
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TABLE 1 
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REDUCTION PHASE (with persulphate) (A) 




40 


FEEDING DURATION: 45 MINUTES; 






Potassium persulphate 4% solution in water 


112 




Thermal stay: 15 minutes 




45 


REDOX PHASE (B) 




DURATION: 75 minutes 
TEMPERATURE: 80-81 °C 






Di-isopropylbenzenedihydroperoxide sodium salt (DIPBDHP Naa) 10% solution by weight in water in 


4 HO 

1 lO 


50 


60 min 






Glutaraldehyde (GLUTHS0 3 Na) bisulphite 8% solution by weight in water 


120 




THERMAL COMPLETION (C) 






DURATION: 15 MINUTES 




55 


TEMPERATURE: 80-81°C 






Hydrogen peroxide 35% by weight 


30 




COOLING 
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EXAMPLE 2 

Example 1 is repeated by utilizing the following monomeric composition (% by weight): 

styrene 48%, 
butyl acrylate 50%, 
acrylic acid 2% 

and with weight ratio styrene/butyl acrylate » 0.96; acrylic acid/styrene « 0.042. 

In Table 2 are briefly reported the reduction phases with persulphate A), Redox B and of final thermal completion 
C), the time of each single phase and the total time and the concentrations of residual monomers and of the total VOC. 
The obtained dispersion has the following characteristics: 



dry residue (1h, 105°C) 


50.3% 


PH 


4.4 


wet coagulum (1 25 u filter) on 8000 g 


435 ppm 


residual monomers 


13ppm 


VOC 


463 ppm. 



EXAMPLE 3 

Example 2 is repeated by using as reducing agent of the redox couple B) the ascorbic acid (Ac. Ascorb.) in 10% by 
weight aqueous solution instead of glutaraldehyde hydrogen sodium sulphite with a ratio: oxidizing agent equiva- 
lents/reducing agent equivalents = 2.54. 
in Table 2 the single phases are reported. 
The obtained dispersion has the following characteristics: 



dry residue (1h, 105°C) 


50.7 % 


PH 


4.9 


wet coagulum (125 u filter) 


400 ppm 


residual monomers 


61 ppm 


VOC 


51 1 ppm. 



EXAMPLE 4 (comparative) 

Example 2 is repeated by using as oxidizing agent of the redox couple diisopropylbenzenemonohydroperoxide 
(DIP-BMHP) 55% solution in diisopropylbenzene (bp= 210°C) instead of DIPBDHPNa with a ratio: oxidizing agents 
equivalents/reducing agent equivalents = 1.35. 
In Table 2 the single phases are reported. 
The obtained dispersion has the following characteristics: 
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dry residue (1h. 105°C) 


49.8% 


- 5 


PH 


2.4 




wet coagulum (125 n filter 


1625 ppm 




residual monomers 


10 ppm 




VOC 


460 ppm. 



10 



EXAMPLE 5 (comparative) 

15 

Example 2 is repeated by using as oxidizing agent of the redox couple 2,5 dimethyl-2,5 dihydroperoxyhexane 
(LUPERCO< R > 2,5 - 2,5 at 70%) in 5.7% solution in butyldiglycolacetate instead of DIPBDHP Na 2 with a ratio: ox. equiv- 
alents/reducing agent equivalents = 1 .35. 
In Table 2 the single phases are reported. 
20 The obtained dispersion has the following characteristics: 



dry residue (1h, 105°C) 


49.6 % 


PH 


3.0 


wet coagulum (125 n filter) 


5000 ppm 


residual monomers 


Oppm 


VOC 


450 ppm. 



30 



E X AM P LES (comparative) 

35 

Example 2 is repeated by using as oxidizing agent of the redox couple cumene hyroperoxide (CHP) 80% solution 
in cumene (bp = 152°C) instead of DIPBDHP Na 2 with a ratio: ox. equivalents/reducing agent equivalents = 1.35. 

In Table 2 the single phases are reported. 
The obtained dispersion has the following characteristics: 

40 



dry residue (1h, 105°C) 


50.7% 


pH 


3.2 


wet coagulum (125 ji filter) 


3125 ppm 


residual monomers 


48 ppm 


VOC 


873 ppm. 



50 



EXAMPLE 7 (comparative) 

55 Example 1 is repeated by using as oxidizing agent of the redox couple t-butyi hydroperoxide (TBHP) and sodium 
formaldehyde sulphoxilate (FORMOPON< R ). The meq ratio between oxidizing and reducing agent was 2.12. 
In Table 2 the single phases are reported. 
The obtained dispersion has the following characteristics: 
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dry residue (1h ( 105°C) 


49.7% 


pH 


2.8 


wet coagulum (125 p. filter) 


400 ppm 


residual monomers 


Oppm 


VOC 


1365 ppm. 



EXAMPLE 8 (comparative) 

Example 1 is repeated by using as reducing agent the methabisulphite sodium (Na 2 S20 5 ). The meq ratio between 
oxidizing and reducing agent was 1 .35. 
In Table 2 the single phases are reported. 
The obtained dispersion has the following characteristics: 



dry residue (1h, 105°C) 


50.0 % 


pH 


4.7 


wet coagulum (125 \i filter) 


463 ppm 


residual monomers 


231 ppm 


VOC 


650 ppm. 



EXAMPLE 9 (comparative) 

35 Example 1 is repeated by using as reducing agent glutaraldehyde (GLUT). The meq ratio between oxidizing and 
reducing agent was 1 .35. 
In Table 2 the single phases are reported. 
The obtained dispersion has the following characteristics: 



dry residue (1h, 105°C) 


49.7% 


pH 


4.9 


wet coagulum (125 \l filter) 


450 ppm 


residual monomers 


710 ppm 


VOC 


1130 ppm. 



EXAMPLE 10 (comparative) 

Example 1 is repeated by using only K 2 S20 8 as oxidizing in an amount equivalent to that expected in phase A) + 
55 phase B). 

In Table 2 the results are reported. 

The characteristics of the emulsions are the following: 
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dry residue (1h, 105°C) 


50.2 % by weight 


PH 


2 


wet coaguium (125 ji fitter) 


750 ppm 


residual monomers 


10 ppm 


VOC 


410 ppm. 
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Claims 

1. Process to reduce the content of residual monomers, expressed as total VOC lower than 600 ppm and deriving 
from the monomers utilized to obtain the emulsion lower than 100 ppm; having an amount of wet coagula lower or 
equal to 500 ppm after wet filtering on 125 micron filter of the emulsion at the outlet after the various reduction 
phases, in polymerizations and copolymerizabons in dispersion or emulsion in aqueous phase based on acrylic 
monomers, in particular homopolymers and copolymers of the (meth)acrylic acid and/or of its alkylic esters wherein 
the alkylic group contains from 1 to 20 carbon atoms, the content of unsaturated monomers different from the 
acrylic ones being capable to be up to 70% by weight, preferably up to 60% by weight, characterized in that it com- 
prises as redox couple the utilization of a reducing agent selected from ascorbic acid or an aldehyde having a 
number of carbon atoms equal to or higher than 4 and containing at least a salifiable hydrogen, organic or inor- 
ganic, or its salts and the inorganic salifiable hydrogen being added to a carboxyiic group; the aldehyde reducing 
agent or its salts being soluble in water for at least 5% by weight, preferably 10% by weight; and from an oxidizing 
agent consisting of an organic hydroperoxide in aqueous solution, excluding those soluble in H 2 0 for more than 
1 0% by weight, or its salts. 

2. Process according to claim 1 wherein the monomers of the copolymer having an acrylic basis, different from the 
acrylic ones such as styrene, alpha-methylstyrene. vinylacetate, vinylpropionate and the esters of the versatic acid, 
acrylonitrile, (meth)acrylamide, n-alkyl or aryl maleimides, or from monomers with double unsaturation such as, 
butadiene. ethyleneglycoldi(meth)acrylate, propylenglycoldi(meth)acrylate, trimethylolpropantriacrylate. 

3. Process according to claims 1 and 2 wherein the monomers of the copolymer are butylacrylate, acrylic acid, sty- 
rene. 

4. Process according to claims 1-3 wherein the precursor of the reducing agent is formed by aldehydes having from 
4 to 6 carbon atoms. 

5. Process according to claim 4 wherein the reducing agent is soluble in water for at least 10% by weight. 

6. Process according to claims 4 and 5 wherein the reducing agent is added to an inorganic reducing agent. 

7. Process according to claims 4 to 6 wherein the reducing agent is selected from glutaraldehyde bisulphite, ascorbic 
acid, and the oxidizing agent is di-isopropylbenzenedihydroperoxide. 

8. Redox couple according to claim 7. 
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